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Atomic Processes in Hot Dense Plasmas 
Sas~, A. (Kansai Research Establishment, Japan 
AtomIc Energy Research Institute) 
As .an activity of the working group, discussions 
and Information exchange are carried out with 
~espe~t t.o the theoretical and experimental 
Investigations of the atomic processes in plasmas. 
The present status as well as physical and 
t~chnIcal considerations including new idea are 
discussed to develop an atomic model and atomic 
database. 
It ~s found that the computer software should 
consist of the atomic data codes which calculate 
atomic structure and rate coefficients of 
coll.isi.onal and radiative processes, collisional 
radiative model (CRM)II J, spectral synthesis and 
database. Furthermore, importance of software to 
provide efficient connection between these 
elements is found to make atomic data and results 
of calculation much more useful and reliable for 
variety of applications. 
A series of investigation indicates that according 
to the de~elopn:tent of thoery and computaional 
m~thods Including MCDF (Multi-Configuration 
Dtrac-Fock), parametric potential method used in 
the HULLAC code, and other sophisticated 
methods to calculate the atomic structure and 
~ates, in conjunction with recent significant 
Improve~ent of the spe~d of computers, most of 
all atomic data for multiple charged ions in high 
temperature plasmas can now be supplied by 
computer codes. Atomic models based on the 
numerical data turns out to be useful for laser 
produced pla.smas for x-ray lasers and x-ray 
sources, fusion plasmas, and astrophysical 
plasmas. In the ~ase of multiple charged ions, 
strong electrostatic force of the core makes the 
relatively simple approximation of atomic 
structure such as screened hydrogenic model 
reasonable except for the ionic levels for which 
the effe~t of the. electron correlation is strong, or 
tho~e with mul.tlple open shell configurations in 
WhIC~ the atomic structure is extremelly complex. 
DUrIng the development of the collisional 
radiative. model (CR~) of the complex multiple-
charged lon, we realIzed new application of the 
database technology. The atom database has been 
studied for a long time which is originated partly 
from the database of spectral lines, and also from 
the evaluated database of the nuclear data. "The 
main objective of those database is to provide 
accurate data when an user need a reference to 
compare his/her experimental observation with 
calculati~n: On the. o~her hand, the development 
of a. collISional radIative model of complex ions 
reqUIres a large set of atomic data. Even these 
data. coul~ be calculated by the computer codes, 
m~nIpylatl.ng data was usually tedious. We find 
thl.s situation can be improved significantly by 
uSing compu~ational database to store a large 
amount atomIC data calculated in advance and 
provided functions to select and extract the ~et of 
atomic data efficiently. 
!he data~ase can be more useful if it is coupled 
With atomic database and CR codes. This can be 
realized by recent web technology having 
middleware programs. The datab~se and 
middleware incorporated with the web technology 
also provides graphical user interface. It has 
significant impact on the study of atomic 
proc~sses because it makes manipulating complex 
atomIC structure as well as checking and verifing 
~he data much easier, which may lead to 
Improvement of accuracy of the atomic data. Use 
of database coupled with computer codes is 
expec.ted to . have more new possibilities, 
~specially makIng connection each other through 
Internet. 
Verification of the atomic data and calculated 
popula!io~ should be carried out by calculating x-
ray emission spectrum The spectrum mainly in the 
range of soft x-ray region ( 10-200A) from laser 
produced plas~a, magnetic fusion plasma, EBIT, 
~nd astrophysical plasmas are being investigated 
In te.rms of K-shell emission spectrum with 
satellIte structure for light elements, Ne-like 
spectrum and L-shell spectrum. In the case of K-
she~l spectruf!1, most of strong lines turn out to be 
optically thiCk, the spatial distribution in 
accord~nce with the escape probability should be 
taken Into account. L-shell spectrum is much 
m?re complex which requires an identification 
uSing precI~e spectral database before analyzing 
the population and charge state distribution. The 
calucalations are also applied to estimate the gain 
?f soft x-ray laser s using Ni-like multiple charged 
lonI2]. 
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